/ (SIS 



, v. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
Organization 
International Bureau 



(43) International Publication Date 
8 April 2004 (08,04.2004) 





II 



PCT 



(10) International Publication Number 

WO 2004/028242 Al 



o 



< 



00 



(51) International Patent Classification 7 : 
GO I F 25/00 



A01J 5/01, 



(21) International Application Number: 

PCT/SE2003/001506 

(22) International Filing Date: 

29 September 2003 (29.09.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

0202879-3 30 September 2002 (30.09.2002) SE 

(71) Applicant (for all designated States except US): 
DELAVAL HOLDING AB [SE/SE]; Box 39, S-147 
21 Tumba (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): UMEGARD, An- 
ders [SE/SE]; Tibastigen 22, S-144 33 Ronninge (SE). 



OBERMULLER, Helmut [DE/SE]; Kungsklippan 14, 
S-l 12 25 Stockholm (SE). 

(74) Agent: EHRNER & DELMAR PATENTBYRA AB; 

Box 103 16, S-100 55 Stockholm (SE). 

(81) Designated States (national): AE, AG, AL, AM, AT (util- 
ity model), AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util- 
ity model), DE, DK (utility model), DK, DM, DZ, EC, EE 
(utility model), EE, EG, ES, FI (utility model), FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, 
SC, SD, SE, SG, SK (utility model), SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 

[Continued on next page] 



(54) Title: A METHOD FOR CALIBRATION OF MILK METERS IN A MILKING SYSTEM 




(57) Abstract: The present invention relates to a method for calibrating milk meters in a milking system comprising a milking 
station (10a, 10b; 20) having at least one milk meter (14a, 14b; 21a, 21b, 21c, 21d) that measures avalue of a milking performance of 
a milking animal. The method comprises the steps: determining a reference value which reflects the amount of milk received from 
a number of milking animals during a selected time period in a reference unit (19; 32), retrieving all measured values during the 
^ selected time period for each milk meter (14a, 14b; 21a, 21b, 21c, 21d) that by itself contribute to the amount of milk received by 
the reference unit (19; 32), comparing the reference value with the sum of all retrieved measured values and calculating a correction 
5^ function for one of the milk meters, and using the calculated correction function to adjust the measured value from the milk meter. 



BNSDOCID: <WO 2O04028242A1J_> 



WO 2004/028242 Al IIIIIIIIIIIIIIH 




SE, SI, SK, TR), OAPr patent (BF, BJ, CF, CG, CI, CM, For two-letter codes and otlier abbreviations, refer to the "Guid- ^ 

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). anc* M?/<?.y on and Abbreviations" appearing at the begin- 

„ . . , ning of each regular issue of the PCT Gazette. 
Published: 

— with international search report 





BNSDOC1D: <WO 2004028242A1_I_> 



1 i 



WO 2004/028242 



PCT/SE2003/001506 



A method for calibration of milk meters in a milking system 



Technical field 

The present invention relates to method for calibration of 
milk meters in .a milking system, preferably an automatic 
5 milking system, as defined by the preamble of claim 1. 

Background to the invention 

Iri an automatic milking system, several milk meters are 
normally used to measure the amount of milk produced by the 
milking animals in a herd. Each milking animal may be milked 

10 using one or more of these milk meters depending on the 

milking occasion. The milk meters used are calibrated on a 
routine basis to ensure that each of them measures the correct 
amount. This routine will entail unnecessary calibration of 
some milk meters and at the same time there is a risk that 

15 other milk meters have been measuring ari incorrect amount of 
milk during a period of time. 

An obvious solution to reduce the number of incorrectly 
measuring milk meters is to decrease the time between routine 
calibrations of all milk meters. Another solution could be to 
2 0 regularly check and verify the function of each milk meter, to 
determine if a milk meter is in need of a calibration, but 
this will decrease the through put in the automatic milking 
system. 

In an article with the title U A method for continuous 
25 automatic monitoring of accuracy of milk recording equipment", 
by G. Wendl, X Zenger and H. Auernhammer, published in EAAP 
Publication No 65, 1992, pages 33 8 to 345, a method for 
identifying a malfunctioning or deviating milk meter is 
disclosed. The method only describes how to identify a 
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malfunctioning milk meter by using previously recorded actual 
milk yields and comparing them with calculated expected milk 
yields. The method may also be adapted to automatic milking 
systems if the time lapsed since the last milking is entered 
5 into the calculation of expected yield. 

When a malfunctioning milk meter has been identified, a manual 
re-calibration of the malfunctioning milk meter is performed. 
The described method is limited in use since it assumes that 
the systematic error in measurement does not worsen at the 
10 same time on all milk meters, that an error in measurement 
will drift in one direction (directed error) , and that the 
other milking equipment has no defects. 

Summary of the invention 

The object of the invention is to provide a method for 
15 automatically recalibrating at least one milk meter in a 

* 

milking system. 

This object is achieved by a method as defined in the 
characterising portion of claim 1 . 

An advantage with the present invention is that a verification 
20 of a properly functioning milking system is performed 
automatically on a regular basis. 

Another advantage is that it is possible to detect and correct 
a systematic error in measurement that does worsen at the same 
time on all milk meters. 

25 Still another advantage is that a manual calibration of a milk 
meter, which takes time and decreases the through-put in the 
milking system, is not necessary. The calibration is instead 
performed by adding a correction function to the output of the 
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milk meter, which is in need of calibration, and is done fast 
and does not affect the through-put of the milking system. 

Brief description of the drawings 

The invention will now be described in connection with the 
5 appended drawings, in which: 

Fig. 1 shows a first embodiment of a milking system where the 
invention may be implemented. 

Fig. 2 shows a second embodiment of a milking system where the 
invention may be implemented. 

10 Fig. 3 shows a third embodiment of a milking system where the 
invention may be implemented. 

Fig. 4 shows a fourth embodiment 'of a milking system where the 
invention may be implemented. 

Fig. 5 shows a flow chart for measuring and storing milking 
15 performance values. 

Fig. 6 shows a graph illustrating the method of calculating an 
expected performance value. 

Fig. 7 shows an example of a lactation curve for a milking 
animal . 

2 0 Fig. 8 shows a flow chart for calibration of a milk meter 
according to the invention. 

Detailed description of preferred embodiments 

Figure 1 shows a first embodiment of a milking system 
comprising two milking stations 10a and 10b. Each milking 
25 station is placed within some type of milking parlour and 
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comprises four teat cups 11, which are attached to the milking 
animal during milking operations, and a collector 12, such as 
a claw. The milk from all teat cups passes the collector 12 
and is transported via line 13 to a milk meter 14a and 14b, 
5 respectively. Several milk meters may be used for measuring 
the milking performance in each milking station, e.g.. a milk 
meter for each teat, but in this embodiment only one milk 
meter is used for each milking station 10a, 10b. 

The milk meters 14a and 14b are separately and independently 
10 connected to a control unit 15 via a communication line 16. 

Each milk meter measures a value that corresponds to the 

milking performance of the milking animal in question, e.g. 

milk flow over time, the total weight or volume of the milk. 

The value corresponding to the milking performance of the 
15 animal is registered in the control unit 15, preferably in a 

memory or a database 17. The measured values are used in the 

method according to the invention. 

Furthermore, the control unit 15 comprises means to calculate 
an expected milking performance value. The expected 
2 0 performance value is used to determine if a milk meter is in 
need of a calibration, as described below. A display 18 is 
also connected to the control unit 15. 

When the milk has passed each milk meter 14a, 14b the milk is 
transported to a common receiver 19. 

25 Figure 2 shows a second embodiment of a milking system 

comprising only one milking station 20, preferably placed in 
an automatic milking system using a robot. The milking station 
20 comprises four teat cups 11, which are attached to the 
milking animal during milking operations. The teat cups are 
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20 



attached to a respective milk meter 21a, 21b, 21c and 21(1, 
commonly denoted 21. 

The milk meters are separately connected to a control unit 15 
via a communication line 16- The milk meters 21 measures the 
milking performance of the respective teat of the milking 
animal. The measuring of the milking performance is performed 
in a manner previously described in connection with figure 1. 
The measured values are stored in a memory or a database 17 
within the control unit 15 and are used in the method 
according to the invention. 



Also in this embodiment the control unit 15 comprises means to 
calculate an expected milking performance value. The expected 
performance value is used to determine if a milk meter is in 
need of a calibration, as described below. A display 18 is 
15 also connected to the control unit 15. 

Figure 3 shows a third embodiment of the present invention 

comprising one milking station 3 0 having four teat cups 11, 

which are attached to the milking animal during milking 

# 

operations. The teat cups are attached to a common milk meter 



31. 



The milk meter 31 is connected to a control unit 15 via a 
communication line 16. The milk meter 31 measures the milking 
performance of all teats of the milking animal, in a manner 
previously described in connection with figure 1. The measured 
25 value is stored in a memory or a database 17 within the 

control unit 15 and is used in the method according to the 
invention. 

Also in this embodiment the control unit 15 comprises means to 
calculate an expected milking performance value. The expected 
3 0 performance value is used to determine if a milk meter is in 
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need of a calibration, as described below. A display 18 is 
also connected to the control unit 15. 

When the milk has passed the milk meter 31 the milk is 
transported to a common receiver 19, which may have a sensor 
5 (not shown) , such as a float sensor, pressure sensors or a 
weight sensor, that measures the amount of milk in the 
receiver. The sensor, if present, is also connected to the 
control unit 15 via a communication line 35. 

When a milk truck 32 arrives to a milking system 36, as 
10 indicated by the dashed line, to transport the milk in the 
receiver 19 to a dairy plant, the tank of the truck 32 is 
connected to the receiver 19 via a milk meter 33. The milk 
meter 33 is carried by the milk truck 32 and attached to the 
inlet of the tank. The purpose of the milk meter 33 is to 
15 measure the amount of milk collected from the milk system 36, 
i.e. the amount of milk in the receiver 19. This milk meter is 
normally calibrated often, and should therefore show an 
accurate value. The measured amount of the milk meter 33 may 
be fed back to the control unit 15 via communication line 34, 
20 but it is also possible to manually feed this information into 
the control unit 15. 

Figure 4 shows a fourth embodiment of the present invention 
comprising two milking stations 10a and 10b. Each milking 
station is placed in some type of milking parlour and each 

25 milking station comprises four teat cups 11, which are 

attached to the milking animal during milking operations. The 
teat cups of each milking station are connected to a first 
milk meter 41a and 41b. The milk from each first milk meter is 
thereafter transported to an intermediate milk meter 42a and 

30 42b respectively, via a collector 12, which preferably 

contains the whole volume of the milk received from the udder. 
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The milk meters 41a, 41b, 42a and 42b are provided with means 
to measure a value corresponding to the milk performance and 
the first milk meters preferably measures the milk flow and 
the intermediate milk meters preferably measures the weight of 
5 the milk collected from the milking animal. The first milk 

meters 41a, 41b are separately and independently connected to 
a control unit 15 via a communication line 43 and the 
intermediate milk meters 42a 7 42b are separately connected to 
the control unit 15 via a communication line 44. Values from 
10 all milk meters corresponding to the milking performance of 

the animal in question are registered in the control unit 15, 
preferably in a memory or a database 17. The measured values 
are used in the method according to the invention. 

The control unit 15 comprises means to calculate an expected 
15 milking performance value. The expected performance value is 

used to determine if a milk meter is in need of a calibration, 
as described below. A display 18 is also connected to the 
control unit 15. 

When the milk has been collected in the intermediate milk 
20 meter 42a, 42b, and the amount of milk has been measured, the 
milk is transported to a common receiver 19, which in this 
embodiment has a sensor (not shown) that measures the total 
amount of milk from all present milking stations 10a, 10b. The 
sensor is also connected to the control unit 15 via a 
25 communication line. 35. 

When a milk truck 32 arrives at the milking system 40, 
indicated by the dashed line, to transport the milk in the 
receiver 19 to a dairy plant, the tank of the truck 32 is 
connected to the receiver 19 via a milk meter 33. The milk 
3 0 meter 3 3 is carried by the milk truck 32 and attached to the 
inlet of the tank. The purpose of the milk meter 33 is to 

5>n<W>?ft5>.dPA 1 I > 
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measure the amount of milk collected from the milk system 40 , 
i.e. the amount of milk in the receiver 19. This milk meter is 
normally calibrated often, and should therefore show an 
accurate value. The measured amount of the milk meter 33 may 
5 be fed back to the control unit 15 via communication line. 34, 
but it is also possible to manually feed this information into 
the control unit 15 . 

The milk meters in the above described types of milking 
systems 36 and 40 may be monitored using the method according 
10 to the invention, which will be described in more detail 
below. 

It is essential that the system comprises means to calculate 
an expected milking performance value at a given time for each 
animal in the system according to figure 1 # 3 and 4, and for 

15 each teat in the system according to figure 2, if the system 
should be able to monitor and individually recalibrate a milk 
meter that has" an error in measurement. The expected 
performance value may be calculated in a number of ways, one 
of which is disclosed in the article previously mentioned in 

2 0 the background to the invention written by G. Wendl, X Zenger 
and H. Auernhammer. 

Figure 5 shows a flow chart describing the method for 
measuring a milking performance and collecting the information 
in a memory/ da t abase . The flow starts, step 50, and the method 
25 determines if a new animal is present to be milked, step 51. 

If no new animal is present the flow is fed back to point 52 . 

* * 

If a new animal is present the flow continuous to step 53, 
where the identity of the animal is read, e.g. by means of a 
transponder, tags or similar means. 
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When the identity is determined the teat cups are attached to 
the teats, step 54, and the milking operation, step 55, 
commences. The milking performance is measured for each milk 
meter present in the milking system, step 56. A milk meter may 
5 be measuring a parameter value that corresponds to the amount 
of milk from a part of the udder, or the total amount of milk 
from the whole udder, depending on the type of automatic 
milking system, see figures 1 to 4 . The values are stored in a 
memory or database, step 57, together with information regar- 
O 10 ding the milk meter used, the point of time and the identity 

of the animal. This information is needed to determine if a 
milk meter having an error in measurement . 

The last step of the milking procedure is when the milk from 
all milk meters is collected in the common receiver, step 58, 
15 and the flow is thereafter fed back to point 52. The amount of 
milk collected in the receiver may also be measured and stored 
in the control unit 15, if a means to measure the amount of 
milk in the receiver is present.. 

The calculation of the expected performance value may, as 
20 mentioned before, be done in several ways and include 
different components. 

The first component that needs to be taken into account is at 
least one previously measured and stored milking performance 
value for the same animal as the calculation is made. A good 
25 approximation of an expected performance value is to take the 
previously stored milking performance value and use it as the 
expected performance value for next milking occasion, since 
the change in performance value between milking occasions 
normally is only minor provided the time between the milking 
30 occasions is approximately the same. However this simple 
approach has the drawback that an incorrect expected 
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performance value may be used if the previous measured 
performance value was measured by a milk meter being in need 
of a calibration. 

A better way of acquiring a reasonable good expected 
5 performance value is to use several previously recorded 

milking performance values to calculate a mean value over a 
selected time period, provided the time between the milking 
occasions is approximately the same. 

The time between milking occasions in a voluntary milking 

10 system is as a rule not the same. This is one of the 

advantages with that type of system, since different animals 
have different needs when to be milked. Some animals prefer to 
be milked rather often compared to others. The calculation of 
the first component as described above is thus not applicable. 

15 A different model is required. Figure 6 shows a graph where 

several previous measured milking performance values are used 
to create an expected milking performance curve. This curve is 
created for a selected animal from which the milking 
performance value for next milking occasion may be determined. 

20 This is done by arranging, preferably in a best fit manor, a 
straight line 61 through origin of coordinates and using the 
previously measured values 62 . The expected performance value 
63 is thereafter determined at the time t x , which in this 
example is approximately 16 litres due to the slope of the 

25 line 61. It is also possible to express the line 61 as an 
equation and thereafter calculate the expected performance 
value there from 

If many previously measured milking performance values are . 
used to calculate the expected milking performance value, the 
30 influence of any incorrectly measured values will be reduced. 

Any previously measured milking performance value that deviate 

2004O26242A1_l_> 
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too much from the corresponding expected performance value 
should be eliminated when calculating coming expected 
performance values, as described below. 

A second component that may be taken into account when 
5 calculating the expected milking performance value is the 

shape of the lactation curve of each animal, which means that 
the expected value will depend on where on the lactation curve 
the milking animal is. An example of a lactation curve 70 is 
shown in figure 7. As can be seen the amount of milk produced 
10 by a milking animal varies over time. The lactation curve 
could therefore be used to further improve the expected 
performance value. 

A third component for calculating the expected performance 
value is to monitor the nutrition balance, e.g. water/feed 
15 intake of each milking animal, since this also will have 
impact on the amount of milk that could be produced. 

■ 

A fourth component for calculating the expected performance 
value is to compensate for the lactation cycle of each milking 
animal, since this milking animal will produce a different 
20 amount of milk depending on which lactation curve the milking 
animal presently is in. 

A fifth component for calculating the expected performance 
value is to compensate if an animal is sick. The ability to 
produce milk may be greatly reduced during sickness. 

25 An improved way to determine if a milk meter needs to be 

calibrated may be performed by using the proposed method in 
the article mentioned in the background to the invention. The 
discrepancy between actual and expected milk yield is 
calculated from: 
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where . 

di k i equals deviation of expected milk yield from actual milk 
yield of cow k on day i and meter 2 

5 mi k i equals recorded actual milk yield of cow k on day i and 
meter 1 

Mik ' equals expected milk yield of cow k on day i 

The reliability of the monitoring method depends on the 
calculation of a realistic expected value. The expected yield 
0 and its standard deviation is calculated from 




A/f _ m M'Jt + m i-6;k + — + m i-l;k 
M ik — 



, and 



SM ik = 




where 



Mi-x/ic equals recorded actual milk yield of cow k on day i-x 

5 SMi k equals standard deviation of expected milk yield of cow k 
on day i 

♦ 

Uijc equals number of available amounts of milk from cow k 
during the previous 7 days 

The expected yield and its standard deviation is calculated 
0 across the previous 7 days in this example. To minimize the 
influence of any deviating milk meter, only amounts of milk 
that have been recorded on at least 3 different milk meters 
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are used to determine if a specific milk meter has to be 
calibrated. 

Extreme values have to be identified and eliminated to 
calculate the expected value. These extreme values may depend 
5 on the cow health, amount of nutrient received by the cow, 

environmental issues (e.g. introduction of a new member in the 
heard, etc.) . The reason for the extreme values is not 
essential, but they must be eliminated to calculate a 
realistic expected value. Some criteria are presented in the 
10 article, such as: 

only milk yield from 30 th to the 3 00 th days in lactation 
are used. 

an expected value is valid only if the coefficient of 
variation (SMi^lOO/Mifc) is below 20%. 

15 - if the standard deviation of the available amounts of 

milk is more than 1.0, only the amounts in the range M ik ±2*SM ik 
(i.e. 95.45% of normal distribution) are used to calculate a 
new expected value. 

an expected yield is calculated only if at least 4 milk 
2 0 yield records are available across the previous 7 days, 
fulfilling the above mentioned conditions. 

■ 

a deviation is only calculated if the actual milk yield 
is in the range M ik ±2*SM ik . 

The calculation of average deviation for each milk meter and 
25 its standard deviation is calculated from: 

x n , and 
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SD H = 



Z(d ikl -D a ) 
x a — 1 



where 

Du equals running average of deviations of meter 2 at time i 
SDn equals standard deviation of deviations of meter 1 at 

# 

5 time i 

Xil equals number of available deviations of all cows during 

* * 

the previous 30 days (interval 2-30 to i-2) on meter 1 

Additionally, it is assumed that the calculated deviations 
have a normal distribution. Therefore the hypothesis H 0 (Au=0) 
10 can be tested against hypothesis ^{Dn^O) . If the hypothesis H 0 
is rejected over a period of seven running days, a milk meter 
error is signalled* 

> 

When a milk meter has been determined to be in need of 
calibration, the system may either alert the farmer by sending 
15 a message to the display 18 or the system may automatically 
correct the malfunctioning milk meter by adding a correction 
function to the faulty, or deviating, milk meter. This is 
performed by the control unit 15. 

To be able to correctly perform an automatic calibration, the 
2 0 system needs to have, in addition to the deviation values for 
each milk meter, access to a reference value which is used to 
control the calibration process. 

Figure 8 shows a flow chart describing the calibration 
process, when a milk meter has been found to deviate, as 
25 described above. 
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The flow starts at step 80 and the process awaits a decision 
to proceed with the calibration of a deviating milk meter in 
step 81. The flow is fed back in a loop to point 82 until a 
decision is made to proceed with calibration of one or several 
5 milk meters. The process then proceeds to step 83, where a 

reference value RV, which reflects the amount of milk received 
from a number of milking animals during a selected period in a 
reference unit, is determined. The following examples will 
exemplify how a reference value is determined. 

10 The process thereafter proceeds to step 84, where the measured 

» 

performance values PV meas are retrieved .for each milk meter that 
by itself contribute to the amount of milk received by the 
reference unit. Each milk meter is directly or indirectly 
connected to the reference unit. In step 85 , the sum of the 

15 retrieved measured performance values is compared with the 

reference value and if a specific milk meter has been found to 
be in need of calibration, that specific milk meter is 
adjusted so that the reference value is equal to the sum of 
the measured performance values. On the other hand if no milk 

20 meter has been found to be in need of calibration, but the 
reference value still differs from the sum of the retrieved 
measured performance values, then all milk meters may be 
adjusted so that the reference value is equal to the sum of 
the measured performance values, provided the reference value 

25 is considered to be an accurate value. If the reference value 
cannot be considered to be an accurate value the milk meters 
are not adjusted. 

On the other hand if the reference value for instance has been 
determined by a newly calibrated milk meter (e.g. on a milk 
30 lorry) or the receiver 19 has several independent sensors that 
together are used to calculate the reference value, all milk 
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meters may be adjusted if the reference value and the sum of 
the retrieved measured milking performance values differs more 
than the systems error margin. Also historic data from the 
milk meters may be used to determine if all milk meters should 
5 be adjusted. 

The flow is fed back to point 82, awaiting a new decision to 
proceed with another calibration procedure. 

The method described in the article mentioned in background to 
the invention, assumes that not all milk meters are faulty at 

10 the same time, but the method according to the invention 

actually takes care of that by using an internal reference 
value (e.g. obtained from the sensor in the receiver 19) or an 
external reference value, e.g. obtained from a milk meter 33 
arranged on a milk truck 32 that regularly transfer the milk 

15 in the common receiver 19 to the truck 32. This milk meter is 
normally calibrated at regular intervals and thus produces a 
very reliable reference value when the common receiver 19 is 
emptied and transferred to the truck 32. 

During milking, the system may detect that some milk is "not 
20 consumption milk" e.g. contain bacteria etc., which means that 
the milk is discarded and thus not collected in the common 
receiver. When retrieving the measured performance values that 
are directly or indirectly connected to the common receiver 
19, the performance value that corresponds to the amount of 
25 the not consumption milk has to be omitted. If not, the 

comparison between the reference value and sum of the measured 
performance values is misleading. The measuring of the not 
consumption milk may still be used to control the milk meters 
using the method according to the article. 
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As mentioned above, the reference value does not have to be an 
external value, but may advantageous be an internally 
generated value from a device, such as a sensor or milk meter, 
having at least one milk meter connected to it. 

5 The method according to the invention will be described in the 
following by a number of examples . 

Example 1 

This example will be exemplified using the milking system in 
figure 1. Each milk meter 14a, 14b measures the milking 

* 

0 performance of one animal at the time. A corresponding 

■ 

expected performance value is calculated using the proposed 
method from the article described above. The measured 
performance values are presented for both milk meters 14a, 14b 
in table 1 . 

5 The. common receiver 19 in figure 1 is provided with means (not 
shown) to measure the amount of milk present in the receiver. 
This means is normally a sensor attached to the receiver, 
which typically measures the weight or volume of the milk, 

The means to measure the amount of milk in the receiver is 
0 connected to the control unit 15, and the signal from it is 
used as a reference value when performing the calibration 
procedure. 
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4.5 



3 . 5 



6.4 
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8 



3.8 



4.6 



5.2 



4.7 



10 



Table 1 



5.0 



2 PVnieas,! 



45.0 



10 



S PVnieas , 2 



6.2 



51.7 



In this example the common receiver 19 did not contain any 
milk at the time for milking occasion #1, and the reference 
value (RV) after milking occasion 10 corresponded to 92.3 
litres of milk. 

If a milk meter is found to be in need of calibration, e.g. 
milk meter 14b has been found to deviate, the calibration 
process is initiated by proceeding to step 83 in figure 8. The 
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RV is established to be 92.3 litres and milk meter 14a and 14b 
are both directly connected to the common receiver 19. 
Therefore the sum of the measured performance values for milk 
meter 14a and 14b is compared with the RV and the faulty milk 
5 meter is adjusted with a correction function C, e.g. a 

constant, ari equation, etc. C is, in this example, calculated 
using the following relationship: 

RV= PV meaS , l+C * PVineas , 2 
~ ~~ PVmeas t \ _ 92.3 — 45 _ q 

51.7 

10 The sensor in the common receiver 19 may also in turn be 

calibrated when the receiver is emptied. The milk truck (not 
shown) that collects the milk from the milking system is 
provided with a milk meter attached at the inlet of the tank, 
which measures the flow of the milk when the receiver is- 

15 emptied. The total amount of milk emptied from the receiver 19 
should correspond to the amount of milk measured by the sensor 
prior to the transfer of milk to the milk truck. If they 
differ, the control unit may calculate a correction function 
for the sensor and thereby calibrate the means for measuring 

20 the amount in the receiver 19 at a regular basis, i.e. every 
time the receiver 19 is emptied. 

A similar example could be made for the milking system 
illustrated in figure 2, with the exception that each milk 
meter only measures a quarter of the milk provided from the 
25 milking animal, since one milk meter is attached to each teat 
cup. The calibration procedure as described above is the same. 

Example 2 
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This example will illustrate how all milk meters (including 
sensors in the receiver 19) in a milking system may be 
calibrated when a milk truck 32 empties the receiver 19. 

In this example only one milking station is present, se figure 
5 3, having only one milk meter 31 which communicates with the 
control unit 15, a receiver 19 provided with a sensor (not 
shown) which also communicates with the control unit 15 . When 
a milk truck 32 arrives to collect the milk in the receiver 
19, a milk meter 33, attached to the inlet of the milk tank on 
10 the milk truck, is connected to the control unit 15 so that 

the system may receive a value corresponding to the amount of 
milk transported into the milk truck 32 • 

During a calibration procedure performed within the system, 
using the measured milk volume in the receiver 19 as the 
15 internal reference value for calibrating the milk meter 31, 
the following correction function was calculated: 

Cm _*_ m £3 m0M2 

PV 98.0 

f meas 




This correction function was stored in the memory 17 of the 
control unit 15 . When the milk truck arrives and connects to 
20 the milking system, the following values was accessible to the 
control unit 15 . 

Milk volume in receiver (measured by the sensor) : 183,5 litres 

Sum of all actually measured milking performance values of the 
milk meter 31 since the last time the receiver 19 was emptied: 
25 197.8 litres 

The correction function, previously determined using an 
internal reference value, is stored in the control unit, will 
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o 



correct the sum of all PV rae a S to be 0.942*197.8=186.3, which is 
close enough to the amount of milk measured by the sensor in 
the receiver 19. 

When the milk in the receiver 19 has been transferred to the 
5 milk truck, the control unit receives the actual milk volume 
from the milk meter 33, which in this example is 201.3 litres. 

The control unit selects the measured milk volume from milk 
meter 33 as an external reference value and uses this infor- 
mation to recalibrate the sensor in the receiver by adding a 
10 receiver correction function, which in this example is 

201.3/183.5=1.097. The correction function for the milk meter 
31 is also corrected by multiplying the previous correction 
constant with the receiver constant, e.g. 0.942*1.097=1.033. 

The control unit in the milking system will now use the 
15 correction functions when receiving measurement values from 
the milk meter 31 and the sensor to calculate a calibrated 
value for them. In this way there is no need to physically 
calibrate the milk meter or sensor, since an automatic 
adjustment, implemented as a software related calibration, is 
20 made in the control unit of the milking system. 

• * 

Example 3 

This last example is illustrated in connection with figure 4, 
which in its basic components is similar to the milking system 
in figure 1, with the exception that each teat cup 11 is 
25 connected to the collector 12 via a first milk meter 41a, 41b. 
The first milk meter 41a, 41b measures preferably the milk 
flow of each teat and the second milk meter 42a, 42b measures 
the weight or volume of the total amount of milk. 



?nr>40?fl;>4?Ai I > 



WO 2004/028242 



• 

PCT/SE2003/001506 * 



22 



In this system calibration checks may be performed in a number 
of different ways, using the measured milking performance 
values of a milk meter to calibrate other milk meters attached 
to the milk meter that is used to establish the reference 
5 value. As an example the intermediate milk meter 42a may be 

used to determine if one of the first milk meters 41a needs to 
be calibrated, and the intermediate milk meter 42b may be used 
to calibrate any of the first milk meter 41b. The same may be 
applied for receiver 19 and intermediate milk meters 42a and 
10 42b, as described in connection with example 3. 




The examples that have been used to illustrate the method 
according to the invention have been simplified to clearly 
point out certain features. 
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Claims 

1. A method for calibrating at least one milk meter in a 
milking system (36; 40) comprising at least one milking station 
(10a, 10b; 20; 30) having at least one milk meter (14a, 14b; 

5 21a, 21b, 21c, 21d; 31 ; 41a, 41b, 42a, 42b) that measures at least 
one value of a parameter that corresponds to the milking 
performance of a milking animal, said milking station is 
accessible to a herd of milking animals, characterised in that 
said method comprises the steps of: 

10 - determining an internal or external reference value (RV) 

which reflects the amount of milk received from a number of 
milking animals during a selected time period in a reference 
unit (19;32;42a,42b) , 

retrieving all measured values during the selected time 

15 period for each milk meter (14a, 14b;21a,21b,21c,21d; 

31;41a,41b,42a,42b) that by itself contribute to the amount of 

* 

milk received by said reference unit (19;32 ;42a, 42b) , 

comparing said reference value (RV) with the sum of all 

retrieved measured values and calculating a correction 
2 0 function (C;C CO m) for at least one of said milk meters, and 

using said calculated correction function to adjust the 

measured value from said at least one milk meter. 

2. The method according to claim 1, wherein said method is 
used to calibrate one or more milk meters, which has been 

25 determined to be in need of a calibration by comparing an 

expected value of the milking performance with the measured 
value . 

3 . The method according to claim 1 or 2 , wherein said 
reference unit is selected to be a receiver (19) that collects 
30 the milk in the system after milking of each milking animal, 
and said step of determining the reference value is performed 
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by measuring the amount of the milk in the receiver (19) , thus 
said reference value is an internal reference value. 

4. The method according to claim 1 or 2, wherein said 
reference unit is selected to be an intermediate milk meter 

5 (42a, 42b) which is directly connected to at least one milk 
meter (41a, 41b) > and said step of determining the reference 
value is performed by measuring a value of a milking 
performance parameter of said intermediate milk meter (42a, 
42b) , thus said reference value is an internal reference 
10 value, which may be compared to the values measured by each 
milk meter (41a, 41b) . . 

5. The method according to any of claims 1-4, wherein said 
milking system is provided with an external unit (32) being 
provided with an external milk meter (33) to measure the 

15 amount of milk transferred from the milking system to said 
external unit (32) , said step of determining the reference 
value (RV) is performed by measuring the amount of milk 
transferred from the receiver (19) to the external unit (32) 
using said external milk meter (33) , thus said reference value 

2 0 is an external reference value. 





6. The method according to claim 5, wherein the method further 
comprises the additional steps of: 

determining the amount of milk in the receiver (19) prior 
to transferring the milk to the external unit (32) , 
25 - comparing said amount of milk in the receiver with the 

external reference value, and 

calculating the correction function which is used when 
determining the amount of milk in the receiver (19) . 

7. The method according to claim 5 or 6, wherein said method 
3 0 further comprises the additional steps of re -calibrating the 
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milk meters (14a, 14b; 21a, 21b, 21c , 21d; 31 ; 42a, 42b) that by 
themselves contribute to the amount of milk received by the 
receiver (19) when the correction function has been calculated 
which is used when determining the amount of milk in the 
5 receiver (19) . 

8. The method according to any of claims 1-7, wherein the 
correction function is selected to be equal to 1 unless the 
reference value (RV) deviate more than a predetermined amount 
from the sum of all retrieved measured milking performance 

10 values. 

9. The method according to claim 8, wherein said 
predetermined amount is selected to be 5%. 

10. The method according to any of claims 1-9, wherein the 
milking system comprises a control device (15) connected to 

15 each milk meter, said internal or external reference value 
being accessible to said control unit (15) , and said 
calculations of correction functions is performed in said 
control unit (15) . 
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